J 



Europaisches Patentamt 

® ^CSJl European Patent Office @ Publication number: 0202 780 

Office europ6en des brevets B1 



® EUROPEAN PATENT SPECIFICATION 



® Date of pubOcatlon of the patent specification: @ lnt.a/: C02F 1/56 

02.1 1.B9 

® Application number: 86302987^ 
® Date of filing: 21.04^ 



@) Flocculation processes. 



o 

00 
01 

o 

CM 



Priority: 25.04.85 GB 8510496 
28.10.85 GB 8526624 



Date of publication of application: 
26.11.86 Bulletin 86/48 



Publication of the grant of the patent: 
02.11.89 Bulletin 89/44 



Designated Contracting States: 
BEDEFRGBITNLSE 



References cited: 
DE.A.2700654 
GB-A- 1579 007 
US-A-3977971 

CHEMICAL ABSTRACTS, vol. 92, no. 18, 5th May 1980, 
page 140, abstract no. 1491S0f, Columbus, Ohio, US; 
R.J. AKERS et al.: "An experimental study of the effect 
of shear on floes". & WORLD FILTR. CONGR.. 
[PREPR.], 2nd 1979, 365-75 



® Proprietor: ALUED COUOIDS LIMITED, P.O. 
Box 38 Low Moor. Bradford West Yoricshira, 
BD120JZ(QB) 

® Inventor: Resher, Peter. Little Beck Beck Lane, BIngley 
We8tYorkshlre(GB) 

Inventor: Farrar, David, 13 Green Field Lane Idle, 
Bradford West Yoricshlre(GB) 
Inventor: Field, John Rodney, 2 Leybum Avenue 
HIpperholme, Halifax West YofkshIre(GB) 

@ Representative : Lawrence, Peter Robin Broughton et el, 
GILL JENNINGS & EVERY 53-64 Chancery Lane. London 
WC2A1HN<GB) 



O Note: Within nine monttis from the publication of the mention of the grant of the European patent, any person may qive notice to 
tine European Patent Office of opposition to the European patent grafted. Notice of opposition sh^ll be fifed^^ a written rewone^^ 
1^ loSon) ^^"^ ^'P'^^*'^" ^ prtArt^m 

ACTORUM AO 



BEST AVAIUBLE COPY 



30 



35 



40 



50 



55 



60 



m 




EPoaeTsoBi 



Description 



«.te2^ ?Sl ioS^r^'t'^o^^ '"onomers or monomer blende were first introduced as fioc- 
s ^ •?h!^-*? ""*195(rs. maximum molecular weights were relatively low compared to the 

SS^^^;^? initelpolyrners typically had molecular weights well below 500.000 and thus were of a 
?h^i;2^if '^^^'^ coagulants, rather than high molecu ^ 

fe^laeiSdSftkS^ inSS^'" P^^^ly P^sence of'^chain trans- 

ler agents and omer unptmUes In the monomer or polymerisation mixture. 

m molJI!^ recognised that the potymere had to be In solution and if the polymers were not, despite their low 

S^elS^r^*^' ^P°^T!;'^ soluble in water (for Instance due to'^offiesslve cross lirtdng) It was 

^S^n n ^,"^f^^ f homogenise them so as to put them into soluUoa For InstanS^ Miller dS- 

^^^"u" ®- 3.021.269 ultrasonic degradation of a highly cross linked Insoluble polymer ael "havina^ 

i« w 4h °* molecular weight and the highest quot^ Llecularvratam 

15 for the end product is 630.000 and the highest Intrinsic viscosity (IV) 2.54 dVg woigra 
Similarly, Goren described In a 1954 patent application (published as U.S. 3.235.490) disoersino vari- 
rh^ttlMo^n'!:? water using a Waring Blender. Many the gels were ao« ffl spSiou^ 
u' ''"'ang agent and the cross linking appears to have caused the fomiation of 
20 fS2 itfSLdM h""** "'"VT"^'^' P^yJl?' ^^'^ ofsolutton. Solutions of the polymere were 
^n^,S2^IS^W"lf^°" '"f Ifnf.'iomogeniser and it was obsewed thatthe effert o^ agglomer- 
^J^J^T^i^ tWs homeBemsaUon Is drastic, with most of the products being useless Ifter ho- 
KnhfS^'nfSl"'^^ the polymere were of very low molecular weight as Is indicated by the fact thtf 
d8te2«^i£^f^'^ ^".^^ ^ ^ viscometer at 34-C on a oi% solution hi 

25 rdrh'.grsj^reig^.ssr"''*^' " ^ '«>^ 

=>c ™T!..Ellr*,'* molecular weights typical of those described by MHIer and Goran can be used 
for ooagulatog very fine suspended solids, e.g.. for clearing tu^iTor^ 

St^T^n to nr^'i;^" "^"^ ^ "^"^ polyme?coagulanfs teve a r^l^te^ 

.u".*" 500,000. Typical polymer coagulants may be formed by reaction of epichlortivdrin 
^^^L,?T„t)i^.^'"*;J'"''^*^* resultant linear product may hilve extremely low molecul^'^^Sm fe 
llXS)|!SStaS2£e".^ ™ '""^^ ""^^ '"^'S"* ^ '^^ "^"8 without render 

^f^^l^^ ^ agglomeration involved electrostatic attraction followed by a sweeping action 
d J JS^m^n^fS^ ^, 'iS?" mechanism has come to be recognised aTthe 

^^^^I^T^^"^-"^^!^^. ^ "^^ly fl™ suspended solidTooren made 
taon'Sf'Hi^i'n h Poly^^nsat'O" ft>«ow«l by coounlnulion and showed th^hls aqueous composSons 
S2 ^ »«8 a tendency for Insoluble polymer to pr^ptetefrom 

^i.h \t°l^'!r.= tSf*' ? °"»8 «"W"9 too much and indicated that the optimum Ke teveTS 
which ttie polymer is still readily dispersibte in water. Since Qoren was postulating a sweeoino action Iw 
filamertary molecular networks this indicates that his dlspeisbiiity had HeTn a nXX slSe i e 

e..ln»^"«i?fi5 molecular weght polymer coagulants, modem flocculants (for flocculatinQ 

ds X^^^d"^/^ Se) are linear polymers of very high molecular weight. Most l?aW"n- 
SSm lO-Jli? .polymers have to be linear since^cross linking revere 

them ineffective and often insolubte, although trivial amounts of cross linking may exist wHhoirt defraS 

'"««^oo U.S. 3.557.061 columns line 36). ^ 
hv^^r^no *o "'0^'=' """S*!* PO"ym?f ^ suHsbte ioT use ss a flocculant is detemiined in part 
pbserv^Jie rhedtogy of aqueous compositkMis of the polymer. Satistectory polymers alve a • orS- 
m2^«S[^'5'°'S?'v^'" s recognised m the ait and can br<Smon8ti«ed 

mogeneous oompositioii of Uie polymer in deionised water is fomied by conventional techniques luch^ 
by stirring using a slowly rotating stirrer followed by ageing, and a ol^ r«J te mmuaSvoffi en 
ro™°If/th« ^r^' thread of co^^lfl^n wSilCtSS^ iTS^K iueSf^ 

^ SV^^^n " as having a rtieology of 5 cm. Often till rheok^ teXw?S 

cm. If, In contrast to this, tiie polymer gives a "shorT or "granular" rheolooy (i e in «ie above taJtha 
rod pulte substantially no tiiread, for instance below 5 cm aSl onM^2!L^of^^^)S>X- 
^^J!^ ^ ^1"J?* ^."^ ^ ^ "ooculant Experience has show.^ ttii^p^mere 
short rheoiogy are unsatisfactory in conventional flocculation processes since it indlrates a hiah di 

S^fi!!^K;^!^„"?H?^" * "^'a"^ ^« shori polymere can alsL be cl^risJd^ 

non-film fonrtng, in that when an aqueous composition is dried It does not form a film. « as 

ihJKLifoR^f rejected If it has a large particle size and is cross linked sufficient to ensure 
thajinso ubie solid polymer does not go into stable suspension in the aqueous composition. 

Ihe^^ e '? *? i^"^ «^ ^o Poly^o' 's equilibrium witt, 

tan degree of soiulton or swelling, for instence as a result of age- 

ing for two houra or more. It Is homogeneous In the sense that the polymer remains uniformly dispereed 
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throughout the composition (usually In the total absence of dispersing agent although minor amounts may 
be present as a result of the manufacture of the polymer) with no tendency for malerial to precipitate 
from the composition on standing for a few days. 
The unsuitabiiity as flooculants of short rheology polymers (as defined above), and of polymers that 

5 do not go into stable suspension or solution are well understood in the art. Very high molecular weight, 
linear, truly dissolved polymers are prefen'ed. 

Certain high molecular weight polymers, for Instance polymers of Mannlch bases, have a tendency to 
cross link spontaneously and acquire a rather short or very short rheology or become totally insoluble, 
it frequently happens that high molecular weight polymers are produced which have rheology that is 

10 shorter than is desirable. Polymers of very short rheology (below 2 cm), or that are Insoluble, are reject- 
ed. Polymers with longer, but still rather poor, rheology may be used under the same conditions as if they 
had the desired long rheology but this leads to poor performance properties. 

In QB 1.579,007 it is alleged that high molecular weight cationic fiocculants give optimum performance 
when the polymers have a cationlclty value of at least 90% of the theoretical cationlci^ value. 

15 Rooculant poIymeiB may be made by reverse phase suspension or emulsion polymerisation to a very 
small particle size. Before use, the resultant emulsion is added to water, generally in the presence of oli- 
in>water emulsifying agent and usually with stirring, and allowed to fbmn a tme solution before use. Thus 
the system Is always allowed to go to equilibrium (i.e., a stable homogeneous composition), often shown 
by attainment of maximum viscosity, before it is added to the suspension. 

20 The linear, high molecular weight flocculant polymers are used by forming, with ageing, a true aqueous 
solution of the polymer and dosing this with minimum agitation Into the suspension, followed by dewatering 
of the suspension. Optimum results require accurate dosing and the minimum of agitation during floccula- 
tion. If tiie dose is too low or too high flocculation Is inferior. The optimum dose depends upon tiie content 
of tiie suspension and so variations In It, for instance variations in the metal content of industrial sew- 

25 age effluent, can greatiy affect pertomiance. The floes are very sensitive to shear and agitation, espe- 
cially if tiie dosage is not at an optimum, is likely to redlsperse the solids as discrete solids. This is a par- 
ticular problem when the flocculated solids are to be dewatered under shear, for Instance on a centri- 
fuge, because if dosage and other conditions are not optimum the centrata is likely to have a high 
discrete soHds content 

30 It wouM be desirable to provkie a flocculation process in which the dosage of flocculant is less dose 
sensitive and the floes are more stable to shear tiian with conventional dissolved high molecular weight 
flocculant polymers. 

In tiie Invention an aqueous suspension of suspended solids is flocculated by adding a synthetic poly- 
meric malerial to form an aqueous medium containing flocculated solids and tiie process is characterised 
35 in tiiat at the time of addition to tine suspension the polymeric material has a specific viscosity above 10 
(generally above 100), and comprises polymeric particles having a dry size of below 10 >im, ttie polymeric 
material is added In a floe stabilising amount, and tiie flocculated solids are subjected to shear In the 
presence of the aqueous medium substantially witiiout Increasing the amount of discrete suspended sol- 
ids in the aqueous medium. 

40 Thus tiie Invention is based on the discovery that tiie shear stability of the floes can be Increased by 
Initiating, and usually completing, flocculation while some or ail of tiie polymeric material is in tiie form of 
small particles rather tiian a true solution. For optimum flocculation tiie dosage of tiie polymer should 
usually be greater than the optimum amount used witii fully dissolved polymers but tfie process is not so 
dose sensitive as with fully dissolved polymers. 

45 The particulate material can be soluble. Thus a conventional reverse phase emulsion of soluble poly- 
mer can be mixed direct into ttie suspension or, usually, is diluted in tiie absence of oil-in-water emulsifier 
and/or with Insufficient stining or ageing to fomi a true solution, and is added to the suspension. This Is 
In contrast to previous experience where tiie aqueous composition was always allowed to age to maximum 
viscosity (true solution) before use since conventional low shear flocculation (e.g., sedimentation) had 

50 shown this to be essential for satisfactory results. 

It Is often prefen-ed tfial the polymeric material should comprise particulate insoluble polymer. This 
may be Insoluble due to tiie inclusion of Insolubillsing monomers or due to the provision of a controlled de- 
gree of non-linearity In an otiienwlse soluble polymer. Commercially tiie invention Is best performed by 
making reprodudbly a polymeric material having a controlled degree of non-linearity, tiiis is used to floc- 

55 culate an aqueous suspension and tills is then subjected to shear witiiout substantial redlspersion of the 
soOds to become dsaete suspended solids. This is In contrast to previous experience where non-lineari- 
ty may have occurred by acckiem and the polymer was then eltfier rejected as being useless or was 
used In either a conventional low shear process or was used In an inadequate amount In a high shear 
process, with consequential redlspersion of solids. 

60 The shear to which tiie flocculated solids are subjected may be applied only during dewatering of ttie 
solids but preferably tiie flocculated solids are subjected to shear by shearing tiie aqueous medium con- 
taining tiiem. For instance Instead of mixing tfie aqueous flocculant imo tiie suspension in conventional 
gentie manner, witii little or no agitation of the floes. In tiie invention Uie aqueous medium Is preferably 
sheared by stim'ng sufficient to reduce floe size. This Is particularly desirable when tfie aqueous sus- 

65 pension is viscous, eg, it has a solkis content above 3% t^ weight for primary or digested sludges or 
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about 1.5% for activated sludges. At these high solids contents the floes are likely to be verv tarae for 

SfeShfiu'^ ' '"^i^ ^ substantially continuorfloc)^rtt^^ 

preferably audi as to break this large floe structure down into floes typically having a size in the ranae 

After shearing, the medium may be dewatered. Dewatering mav be bv sedimentation or hw Hmino/.^ 

10 tye^r dewatered under shear, and in particuiar on a centrifuge, piston press or bett mbsr to oh^ 
high recovery of solids, and very low suspended solids In tiie tttrate P^ss, m give very 

Dewatering of flocculated solids can be conducted, especially at relatively low solids concentraHona 
under shear. e.g.. on a centrifuge, even If the flocculated at^eouHreZn Is not fi^^SSsdto 
shear, but generally less effective dewatering is obtained. "■eauni » noi wsi sinjecied to 

Setl^SZr'SSsS"'^'^ a sewage fOter cate. Inoeas^'to^nl^h'li^^^r*^ 

20 nal^n h?i!SlS?i?*® """^ (Pi^rably iKing insoluble polymer) can be continuously kept in sus- 
20 pension by agitation of the aqueous mediuni without any substantial inaease in the dscrete susDsnded 
solKis in the aqueous medium For instance the pdymSric material (u«Sv ^ rstewTi^omoaen^us 
aqueous compositton may be added (optionally with applied shear) to an aqu^s siBMLKhZT^ 
being agitated and this agitation may provide shear may l<eep the resuKhwSd Stated 
Ms In suspension. The continuous agitation may be conUnufJl for ^veral ho^ ^d^alh^rt teart a 
2S day or several days. wiUiout substantial floe breakdown. This Is of value. ^^^wl^^^^rMi 

'^n^^ll^'Sl?" 'f prolonged periods. e.g.. In chemical or blochemkli reaotore. ^ 

idB fl^'^^iJi Wf"'"^^"^'^®" ^ a '«a«*on medium and the sol- 

ids are a c^yst for the reaction, since we have surprisingly found that a stirred or otherwise aatt^ad 

So'l^i^J^f'*'^ P?"*^ ^ "» formTflocl TOs7a»efth2 

hf S??Jtehi^cal^"S?"^ '"!?'"'"tJ7^ *^ '^y*^ ^ '"^^ ^ "-edium is withdrawn conUn w)u^ 
tefor^^n ^^ini","' ^ei^actor. This process is of particular value in the catalytic hydrolysis of a nitrite 
S™^r^=.^Hl '-St '"^"^^r**" ?5"~"» •» aerytonitrile hydrilysis rea«*on medium to 

Another process where the shear resistance of the floes is desirable Is in the fbmiation of Daoer and 
K^^'d"rSf»fc'* ^ boart. sfnce the pracesses of the invention permit iifro^ to^JSrfrSrf S 
2"^'" «'"v«riaonal paper production it is generally necessary to mlnimfee *e 

40 ttie pulp flow line, as late as possibte before the drainage or other dewatering stage in tf*s inverSon 
^^12-"°^*^ ^? l^""^"^ to add ihe floccuiant (preferably^^ hslbte SSrt 

L ti^^^^^I^n^"* ^ ""5 so that the act of pumping the flo<5£uiated dlsperslon Zg Wow 
«*.^^i!^h^S"*^® or ofter dewatering stage Imrolves the application of shear to the flocculated 
fi^^ Tn^^^Z^^^f^^J' T^lf ^ substantially free of undSe 

oSdLn ffTT^?. ""^^ inverrtion therefore comprises flocculating a ceUulosIc suspension by 
A« flS^l^J^"*"^*"^ "8^"^." * homogeneous aqueous composition and pumpina 

S.«r^Kfi*fl suspension a^ong a flow line with sufficient shear to break down the flora to sSSr 
te®,^=;.!.°.5* ""^ *en dewatering the suspension by drainage or other suiteUe mearo. Thislw^ 
Sin niSlf ^ ov^^"®. ^hs" <»«°"jF search is also added to the dispersion since thelw^ 
^r iS^nr^^^f i"^'^ ^ oombin^on (rf paper strength and ret^tion and dewatering^ope^ 
^is process the floccuiant polymer Is preferably an anionk: polyacrylamide. SynergisriT^eare^ 

"Ijhe Invenflon Is that the process is much less dose sensitive than when using 
« ^^^^r^S^f^ ^ f *f ™ ^ °Waining inferior perfomiance due to uX- 

65 dosing or over-di^ng. Even after shearing the suspension it Is usually possiWy to obt^ flcw^ fl«t 
^ "JMalnable using conventional dissolved flocculknts. Beauserat ^r^m 
dMe. ttie floe sao is much greater than is avaHaUe conventionally this means that the droe ran be v^ 
Sl&i" "^P"^ *» thrae^^e ra% 

»n!J'»i'"i? '"vention can be used for flocculating a wide variety of aqueous inorganic suspensions 
^„ ^rSfotSf^^'" suspension, espedally sewage, it is of pailicJiar value in the ranWftigal dewater" 
L^„?^«rr f ^ signlflcant Industrial component, especially that Ses vsS 

amounte of metal. Best results are generally obtained when ttie Adulated kqueous metf^Tb vigmou" 
ly Stirred, so as to app^ shear to tiie flocculated solids, before entering the bow^ of the oenbMUge. 
65 The polymeric material can be dosed Into the suspenskm in any ^nventent manneTK/a dlspeision 
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in oil could be metered carefully Into the suspension) but is preferably added In the fomi of a dilute aque- 
ous composition, typically having a concentration of 0.01 to 3%. generally 0.05 to 1%. It should prefera- 
bly be a microdlspersion. By this we mean that if a layer of this composition is allowed to dry microscopic 
examination readily Identifies discrete polymeric particles, optionally interconnected by a film of water 

5 soluble polymer. Often the composition does not fomn a film. The polymer particles must be below 10 urn 
dry size, preferably below 2 nm. but preferably swell, e.g., to at least twice their dry diameter, and often 
at least 5 times their dry diameter, In water. 

When the polymer particles are insoluble It is preferred for the aqueous composition to be a homoge- 
neous stable composition as defined above although the polymer particles can go to equilibrium with the 

10 water In the flocculated suspension to some extent at least If the polymer particles are soluble then they 
must be added to the suspension before they dissolve and preferably initial flocculation Is complete be- 
fore they can dissolved. 

in order that the particles have the desired small size they are best prepared by emulsion or reverse 
phase polymerisation. 

15 Although we believe It to be essential to include non-dissolved particles it appears that dissolved poly- 
meric material may also contribute to the Invention and so the polymeric material that is added to the sus- 
pension may Include also dissolved linear polymer. When the polymer particles are ctoss linked It Is gen- 
erally prefen-ed to provide this as a soluble component of the cross linked particles, so that upon dis- 
persing the particles in the aqueous composition the particles swell and the soluble component dissolves 

20 Into the composition. However it is also possible either to blend a dissolved polymer with a particulate 
(generally insoluble) polymer in the aqueous composition or to add these polymers sequentially to the 
aqueous suspension, the dissolved polymer generally being added first When the mixture of dissolved 
and particulate polymers Is made by blending polymers the chosen polymers are usually co-Ionic or one 
or both may be non-ionic, or they may be counter ionic. Usually the polymers are made from the same 

25 monomers, and often differ only in the degree of cross linking. 

The amount of dissolved polymer is usually from 0 to 50%. preferably up to 20%, preferably at least 
10%. by weight total polymer, the balance being particulate. 

The particles may be wholly insoluble, non-swellable, polymer particles. For instance they may be 
fornned of wholly water Insoluble monomers or, more preferably, a blend of water soluble and water Insol- 

30 ubie monomers such that the polymer Is Insoluble in water (generally at both high and low pH values), in- 
solubiiity is often further increased by cross linking. 

Preferably however the particles are fbmned of a monomer or monomer blend that Is soluble in the 
aqueous composition and the particles are either soluble In the aqueous composition and are used before 
they dissolve, or, preferably, are cross linked sufficient that they are Insoluble In but swollen by the 

35 aqueous composition. This cross linking (which may be chain branching) may be brought about by control- 
led spontaneous conditions such as heating or Irradiation, provided the degree of chain branching or 
other cross linking is reproducible and controllable, but preferably is brought about by reaction of the 
monomer or monomer blend, or the final polymer, with a covalent or ionic cross linking agent 
Cross linked polyer can be made by cross linking a preformed linear water soluble polymer having a 

40 specific viscosity above 10 with a cross linking agent, e.g., by mixing an aqueous solution of the polymer 
with cross linking agent whilst stimng with suffftelent force to form a homogeneous stable aqueous com- 
positfon. If the stirring is inadequate cross linked polymer will precipitate from the composition. If it Is ad- 
equate then the polymer will be broken up into sufficiently small particles, below 10 jim and preferably be- 
low 2 )im dry size, that the particles will remain In stable homogeneous dispersion. The cross linking agent 

45 for this purpose can be. for Instance, formaldehyde or glyoxal or metal salts but preferably Is a counteri- 
onic linear water soluble polymer having specific viscosity above 10. Preferably both pdymers have 
specific viscosity above 100. By selecting appropriate amounts of polymers having anionic and cationic 
groups it is possible to obtain a stable homogeneous aqueous composition of coprecipttated, or cross 
linked, polymer and, If desired, to leave an excess of a water soluble polymer of one ionic type. 

50 The preferred way of making the aqueous composition is by mixing into water piartides of polymeric ma- 
terial having dry size below 10, and most preferably below 2, jim and which have been made emulsion po- 
lymerisation or by reverse phase emulsion or suspension polymerisation of one or more monoethylenlcal- 
ly unsaturated monomers. The polymer may be soluble but is preferably insoluble as a result of a control- 
led addition of cross-linking agent to the monomer or monomer blend, which is preferably water soluble. 

55 The monoethylenicaily unsaturated material may be contaminated with a small amount of cross-linking 
agent and the amount of additional cross-linking agent that is added will therefore be selected having re- 
gard to this. Preferably the monoethylenicaily unsaturated material Is as free of cross-linking agent as 
is commerdally possible, for Instance containing cross-linking agent in an amount that gives cross link- 
ing or chain branching less than Is given by 1 ppmMBA (1 part methylene bis acrylamido per million parts 

60 monomer). The amount of MBA that Is added is generally at least 0.1 or 0.2 ppm and below 1 00 ppm (based 
on monomer), generally 1 to 50 ppm. The precise amount will depend upon the polymerisation and other 
processing conditions. Instead of using MBA, cross-linking may be by equally effective amounts of oth- 
er disthylenlcally unsaturated compounds such as ethylene glycol di-acrylate, diacrylamlde, cyanometh- 
ylacrylate, vinyloxyethylacrylate or methacrylate and other means of cross linking, e.g., fomialdehyde 

65 or glyoxal or metal salt addition. Preferably a water-soluble cross-ltnking agent is used. 
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fcJlSi^^J'' can additonaDy be conlrolled by the inclusion of chain transfer agents In 

r«^^^S^?u"'"*"*- T^t'f «"»*>ination with cross-linking agent, will tend to promote chain 
-?2fri?° » I S^f ^'}^- Amounts mfiy vaiy widely. For instance 1.000 to 5,000 ppm (based 
s Z^XuL^l^^^,'^^'^^,'^'^ 'wprapylalcohol may be suitable Whilst much 

°° branching agents such as mereaptoeth- 

anol are usefin Often, however, adequate results are obtained by conducing polymerisaiion under con- 

Z?h^l«!J''"'°"t, '"'^^ agent, u^ng ^merdaily pure^ 

noethylenlcally unsaturated monomer together with the specified amount of lUffiA or other croM-llnidng 

10 Instead of iiKolubillsIng the polymer by cross linking it may be formed ftom an Insoluble monomer, or a 
monomer blend containing sufficient insoluble monomer to insolublllse the polymer 
uJrtn"™®*!'^®"^'^ unsatu^ monomers may consist of one or more ionic monomers or a blend of 
^c and non-kMiKs monomers. The monomers can be allyl monomers but are generally vinyl, preferably 

" u«,S'!SS!L"°"''°13'° are aciylamWe, methacrylamide. N-vlnylmethylacetamlde or formamlde. 

ri2l!?lSr' ^ PyrrolWon^inethyl methacryiate or other aayBc (or other ethylenlcally unsaturated) 
*»^"«*'«'y«*" ^InylnwnomerBs ' ' saiurawoj 

na™^h™52 "^!*^' methaaylate. itaconate, 2-acryIamldo 2-m6thyl pro- 

S^m«riSS2^^"'''i'°P'°"? ff^JH "JfHSiaytete or other water soluble fblrns of these or otf.er 
SWo^ie.^ to SsJd Sulphomethylaled acrylamlde. allyl sulphonate or sodium vl- 

Suitable ratenlo monomers are diall^amlnoall^l acrylales and methacrylates. espedaliy dialkylami- 
mw«^=^h^' ^ quaternary or add salts, and dialkylamlnoalkylacrylinidTO or m^K- 
^^f^^. *'"«*f"'«y " ^ salts for instance methacrylamldopropyl trimethyl ammonium c^de 
fflidjjtennich products, such as quatemised dialkylaminomethylacryl^ides. All^l grou^aregMweSS 

naIS®in ^SlSf SSf •Vdrophobic groups, e.g.. as described in EP-A 0 172 723. for instance on 

S^n^ T!^ '""^ Insolubility to the polymer the ethoxy chain st;>uld be shwt or 

absent. Le.. n-0. The allyl ether monomers are especially prefen-ed. « »»i « 

motecuta- wejgfit of 5 mlllfcm to 30 mflllon and an intrinsic viscosity of above 4. pref- 
fhffS'f^K®- ^■^■•1'' V^?' ^° .""fl- "^^^ "8 aoss linked it is preferably polymaris^ such 

tfi^ it would have such moleoular weight if it had been made In the absence of cress HnWr^ agent Hmt- 

tow Z «nS.°r" "t"**,** '^•"'"9 may then cause the IV 10 increase. aTe^llned to- 

b^abtVlo'fn^dte'i^V^^ "^'^ 

r^J^lF^r^r^.l'}, 0' Phase polymerisation mixture may be controned by the de- 

^ifJl^f ^^H'^ ^r^t monomers and by the possible presence of emulsi^ing agent Emulston po^ 
^erfsatlon m^ be ubiised when polymerising, for instance, water Insoluble monomirs si«h as acryto 
Stirinto^nrrji""* *^ *^'i""f ^ amines (the resultant polyLr^in^ S- 

m^^^J^T'^^^^'*^ ^"^^^ '^^"^ phase emulsion or suspension pX 
SSuK t^^^^ ^ monomer or monomer blend Is soluble In water. The aqueous monomer is 
emulsified into a suitable non-aqueous liquid, generally in the presence of a water in oil emuteffler 
'ITr •^«»* *«««•«?' mi"" concentretfan. ESulsifiere. stJiiC non-l,Seouf^ta: 
^fS,rpp'^n,«1=^! ^ polymerisatton materials and process details are described in! for In- 
S J^^ilflisfiK.' P«*^ "«y >« -ahydreted. for instance by sut^ecting the dtepl?. 

The liquid product resulting from the reverse phase polymerisation or emulsion polymerisation is oan- 
ei^ly used as such, wtthoirt separation of the polymer parties 

H^^^ ^P^^ fr^u** dispersion in known manner. Because these dnrpSu^avK*^ 
dusJMhey should preferably be fanned into pellets that will disintegrate upon addition Ker ^ 
h^^t^ZmZ'H'^^ emuiaon tiiat results from reverse phase polymerisatton may be added to water to 
m«n2« ^'"P°^f to the suspension) In the presence of oIHn-water emulsifier in ^e" 
f^Jf • polymer Is water-soluble H is prefenwf to make the addition in IhT^ 

*Mr2edf ^""^ " "muteio? prefer^; 

-rf^r Po^^f^on condlttons are preferably such that the polymer partides resufting from the oolvm- 
ensabon have flie desired controlled degree of solubility but it il pos^ie to preducs^oK p^^ 
ftat are too highly cross linked and then to subject this polymer to sufficient shear to r^tore It tea d^ 
sired, confrolled. degree of cress linking. This shear may bi applied to the dlspere^on in S the ool^ 
mer partides are fomted or. preferably, to the aqueous honxigeneous conSon^^ ForTiwterol whe^ 
such a solution has short riieology the mixing mTy com^ert It to long rhea^^n^emo^^aX 
scribed in our application EP-A201 237 filed even date herewith. processes are oe- 

VVhen the polymeric material is cross linked and cafionic, and In particular when it Is a coDolvmer of 
aciylamide wrth at least 5%. and preferably at least 10%. by weight (S^biSdkyl JLJ^Kly 
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as add addition or quaternary ammonium salt) the degree of non-iinearity Is preferably such that the pol- 
ymer has an ionic regain (IR) of at least 15%. IR is calculated as 



X 100 where x is the ionidty measured after applying standard shear and y is the ionidfy of the polymer 
before applying standard shear. 

These values are best determined by forming a 1% composition of the polymer In delonised water, al- 
lowing this to age for 2 hours and then further diluting it to 0.1% active polymer. The Ionidty of the poly- 
mer y is measured by Colloid Titration as desaibed by Koch-Ught Laboratories Limited in their publica- 
tion 4/77 KLCD-1. (Aitematively the method described in BP 1,570.007 could possibly be used to deter- 
mine y.) The tonicity after shear, x Is detemilned by measuring by the same technique the ionidty of this 
solution after subjecting it to standard shear. 

The shear is best applied to 200 ml of the solution in a substantially cylindrical pot having a diameter of 
about 8 cm and provided In its base with a rotatable blade about 6 cm in diameter, one arm of the blade 
pointing upwards by about 45 degrees and the other downwards by about 45 degrees. The blade is about 
1 mm thick and is rotated at 16,500 rpm in the base of the pot for 10 minutes. These conditions are best 
provided by the use of a Moulinex homogenlser but other satisfactory conditions can be provided using 
kitchen blenders such as Kenwood. HamiRon Beach, kma or Osterizer blenders or a Waring Blender. 

In practice the predse conditions of shear are relatively unimportant since, provided the degree of 
shear is of the same order of magnitude as spedfied, it will be found that IR Is not greatly affected by 
quite large changes In the amount, for instance the duration, of shear, whereas at lower amount of shear 
(for instance 1 minute at 16,500 rpm) IR is greatly affected by small changes in shear. Conveniently 
therefore the value of x is determined at the time when, with a high speed blade, further shear provides 
little or no further change in ionicity. This generally requires shearing for 10 minutes, but sometimes long- 
er periods, e.g., up to 30minutes with cooling, may be desired. 

it should be understood that the defined shear is not shear that is applied to the polymer solution or to 
the flocculated suspension during the fiocculation process of the invention but is instead shear that is 
applied as an analytk^al technique to penmit definition of the properties of the polymers that may be used 
In the invention. 

When using cross-linked polymerb material, polymers having IR of 15% have a relatively low degree 
of non-linearity whilst those having IR 90% have a high degree of non-linearity. It is generally prefen^ed 
for IR to be below 80%. preferably below 70%. and usually below 60%. If IR Is too low the Invention may 
give Inadequate benefit compared to conventional polymers and preferably IR Is above 20%. Best re- 
sults are generally obtained at above 25%, preferably 30 to 60%. 

It Is desirable for the intrinsic viscosity to be as high as possible but satisfactory values of IV reduce 
as the value of IR increases. Generally 



where a is below 20 and Is generally below 15 but is usally above 4. Generally a is in the range 6 to 14. 
Throughout this specification IV is measured at 25<>C In 3M NaCI according to the method described In 
Encydopedia of Polymer Sdence & Technology. Editors Marie and Gaylord. published John Wiley & 
Sons, 1971. Volume 14 pages 717-740. 

If the polymer Is cross-linked IV can be Increased by the application of shear (as is also described In 
application EP-A 201 237) and the polymeric material is preferably one whose IV can be above 4, and 
preferably above 6. after the application of shear such as the standard shear described above. 

The aqueous composition of the polymeric material may be combined with the suspension that is to be 
flocculated by conventional methods of blending but, as described above, shear Is generally appUed suf- 
fident to reduce fioc size. 

The amount of polymer that has to be added for optimum floe stability is often greater than the amounts 
conventionally used with highly sduble polymeric flocculants, usually at least 10% and often at least 20% 
greater than the amount that wouM be required when using a conventional, highly water soluble, substan- 
tially linear polymer. Suitable doses are in the range 0.01 to 3% often 0.5 to 3% by weight polymer based 
on dry solids. 

The amount that is required for adequate floe stability can be found by routine experimentation and, 
for any particular fiocculation process, polymer type and degree of shear tiie amount of polymer will de- 
pend upon the degree of swelling or 8olutk)n of the polymeric material, e.g., the degree of cross-linking. 
Generally the optimum amount Increases with increasing amounts of cross linking. 

A convenient way for determining the optimum fioc stabilising amount is to determine the dose that 
gives maximum floe size when the polymeric material is sheared into the suspension and the suspension 
Is left to settie. The optimum Is the dosage that gives maximum floe size after shear and in the Invention 
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the dose that Is applied is generaliy from 50 to 150, preferably 70 to 110% of this optimum dose 

A particularly preferred process according to the Invention comprises providing a homogeneous di- 
lute aqueous composition of a reverse phase polymerised, non filnv-forming, cross linked, acrylamide co- 
po ymer with dlalkylammoa^kyl (meth) acrylate (as add salt or quaternary salt) having a dry particle size 
5 below 10 Jim (preferably below 2 urn), IR above 15 and IV « / # » 7 k""«« wie 

a 

10 where a Is froni 6 to 14, adding this composition to sewage sludge In an amount of 50 to 150% of the 
^ount required for maxinrium floe size after shearing, subjecting the blended mixture to the shearing to 
reduce floe size substantially without increasing the amount of suspended soOds, and dewatering the V 
suitant aqueous medium on a centrifuge, piston press or belt press. 
The following are some examples. 
15 The accompanying drawing is a graph of the results In Example 2. 

In every example the polymeric material had a specific viscosity well above 100 and a dry particle size 
below 2 pm and an aqueous composition of the polymeric material gave a discontinuous, particulate film. 

ExaniDtfl 1 

20 

/nAS2°iDS[ f^y'SIl'^® ^i* ^^'^^^ dlmethylaminoethylacrylate quaternlsed with methyl chloride 
(DMAEA.MeCI) and having Intrinsic viscosity to 10 dl/g was prepared by reverse phase polymerisation 
to give a partide size below 2 >im, followed by azeotropic distillation. It was labelled Polymer AC and wa^ 
provided as a 50% dispersion of polymer in oil. The monomers used were commercially pure monomers. 

t^^^l^^ ^" *® presence of 10 ppmMBA. and had Intrinsic viscos- 

ity D.o Gl/g. 

Each dispersion was mixed with water and allowed to age. A chosen amount of the resultant aqueous 
imposition was stirred with an activated sludge for 25 seconds using Triton WRC Standard Shear Test 

f^M^^ H!^^ JXP®J^^?^"* ^ ^^^^ *o give extra shear. This resulted In flocculation 

ana in reduction of the floe size. 

The flocculated suspension was dewatered on a laboratory centrifuge consisting of a cylindrical solid 
bow closed at its base and open at Its top but with an inwardly extending lip around its periphery The 
bowl ran at 2^000 rpm and was. ^ this speed, filled with water (400 ml). 400 ml of the flocculated sewage 
Sludge was fed gradually into the bowl while spinning. Some of the solid was trapped in the bowl whilst the 
35 remainder passed out in the overflow, as the centrate. Since the flocculated suspension is accelerated. 
I« irJD^i?? ♦ff °^ ^ ^ centrifugal system of dewatering applies very high shear 

to the flocculated suspension. Best results are those wherein there is maximum retention of solids in the 
bowl, with least solids content In the centrifugate. 

™« A^°f ^' D^"'^ ^ sus^nded solids In the centrate (mg/l) when treated with each of the poly- 
mers AC and BC are shown in Table la. 



Table la 


Dose 


AO 


BC 


20 


1148 


1400 


30 


1088 


660 


50 


667 


368 


60 


1863 


244 


70 


2227 


342 


80 


2670 


. 402 


100 


4627 


626 


120 


5372 


726 



The cationiclty regain of the polymers was recorded for 10 minutes shearing, as in the definition of io- 
nidty regain given above, and also for 1 and 5 minutes shearing, and the values are shown in Table lb. 
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Table lb 



Polymer 


Shearing Tims 






1 m!n 5 min 


lOmIn 


AC 


5% 9% 


9% 


BC 


21% 42% 


42% 



10 It is apparent that the optimum dose for linear polymer AC. having a regain of 9%,, is at 50 g/m3 whilst 
the optimum dose for non-linear polymer BC, having IR 42%. is at 60 g/hi3 but that polymer GB gives bet- 
ter results and its optimum results are obtained over a much wider range, 30 to about 120 g/ms, than is 
pemnissible with polymer AC, l.e., the non-linear polymer is less dose sensith/e. 

15 Sssm^ 

Five polymers were prepared by the same general process as In Example 1 using the same monomers, 
but with differing amounts of MBA. The polymers, the amounts of MBA In ppm based on monomer, the In- 
trinsic viscoshv and the IR valuas are fihaum In TdMa 9 



trinsic viscosity and the IR values are shown In Table 2. 
Tables 



Product 


MBA 


IV 


IR 


GO 


0 


14.1 


6.7 


HO 


2.5 


11.1 


17 


iC 


5.0 


10.2 


23 


JC 


lao 


6.7 


42 


KC 


25.0 


3.4 


59 



Solutions of the above products together with that of product AC were used to treat 1 GO ml samples of 
activated sludge over a dosage range. A visual assessment of floe size was canied out after the shear- 
35 Ing In the Triton stirrer for 25 seconds. Using a scale of 1-8 where 1 represents the largest and 8 the 
smallest floc the results of the assessment were plotted as shown in the attached graph. In this way the 
optimum dose for each product was obtained. 

Activated sludge samples were then treated at the optimum dose with each product 200 ml portions of 
the treated sludge were then fed through the centrifuge as In Bwmple 1, when the following results were 
40 obtained. 



Table 4 



Product 


Optimum Dose 
(mg/i) 


Centrate Suspended 
SdHdsdng/i) 


QC 


35 


824 


HC 


45 


660 


IC 


50 


612 


JC 


60 


190 


KC 


90 


60 



55 This clearty demonstrates the improved results In high shear dewatering when using an increased 
(double) dosage of a polymer that is cross-linked to such an extent that IR is above about 30% 

Examples 

60 A range of copolymers of 60 wt% DMAEA.MeCI and 40wt% acrylamide were prepared as 50% dis- 
persions in oil as in Example 1 using different amounts of MBA and commercially pure monomers. 

All products were evaluated on a raw mixed primary activated sewage sludge as aids to gravity and 
compression filtration. This involved first stirring the sludge with 0,1% w/v solutions of the copolymers 
at various doses, In order to optimise the dose by obsen/ing the influence of cross linking on floc size. 

65 Further samples of sludge were then treated at the optimum dose using periods of stlnring, which repre- 
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SOTted driferent levels of shear and allowed for the optimum development of the floe. The stirrino was bv 
a Bosch electnc dnil unit fitted with a marine bladed stbier. Dewatering was then Scried duWaSg 
160 seconds of tree drainage, on a filter wire retained In a Buchner fannel, follow^ X i so ZStil 

The results obtained were as in Table 3. 



Tables 



Product 


MBA 


Dose 


Stirring Time 


Cake 


IR% 




ppm 


(mg/O 


(seconds) 


Sends (%) 




LC 


0 


140 


15 


16.0 


14w2 


MC 


2 


200 


45 


17.1 


27.6 


NG 


4 


220 


45 


17.4 


38.0 


PC 


8 


300 


75 


20.0 


50.8 



^° ^'^^J^^t^ *® ^ ^ *8 monomer proportions as products GC 

J^S^oi^l'^ V"^^ ^"^^ additional copolymeie were collected together with copolymers JC and 
M sSL^?!^! ^ """^ '""^^ ^ decreased in irSrinT^»^ 



as shown In Table 4a. 

Table 4a 



Product 


MBA 


i.V. 










PC 


0 


14.3 


0.5 


QC 


5.0 


6.4 


28.0 


JC 


10.0 


6.7 


42.0 


KG 


25.0 


3.8 


59X 


RC 


63.0 




71.0 



The above products were evaluated in the laboratory on sewage sludges In order to detennine the 
^^^'SiSC perfomiance, as described in Exampte 2. Thichosen optir^um amSum wa^ 

^ ^2° ^'"^Se in a 400 ml beaker using a Heldolph Type 741.000 unit fitted with a 

SS?^ t^r^JT^ °" ''■S:^' 2 setHng The floccullted sludg^ w^'^hen dewatered Tstaul^ 
SSvSinfabI S^' * " increasing the pressure through tl^ cyde 



Table 4b 



Period oi Pressing (minutes) Pressure (bar) 

0- 1 a? 

1- 2 1.4 

2- 3 Z1 

3- 6 SUB 



The process was conducted wRh two types of sewage. 
arolownSn5blf4? ^"^^ *** ****** determination. The results 
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Table 4c 



Sluctaeiype Product Dose(mg/I) Cake Solid 



Digested 
primary/ 
activated 



OM of added 
15 Naa 



(%) 


PC 


250 


24.8 


QC 


325 


Z7.6 


JC 


375 


27.1 


KC 


650 


28.1 


RC 


1000 


27.7 


PC 


40 


19.9 


QC 


60 


2^5 


JC 


80 


23.8 


KC 


150 


26.3 


RC 


275 


29.6 



20 As can be seen from the above results the trend is one of increasing optimum dosef and cake solids as 
the MBA content is increased. 

25 , _T"®sts were carried out in simulation of belt pressing as described In example 4 using products PC and 
JC of Table 4a at doses equal to the optimum and also doses above and below it Shear was applied by 
pouring the flocculated sludge 10 times from one beaker to another. The digested primary/activated 
sludge used as test substrate was from an alternative source to tiiat of example 4. 



Table 5 



Product 


Dose(mg/0 


Cake Solids (%) 


PC 


125 


10.1 


PC 


150 


11.0 


PC 


175 


10.8 


JC 


300 


13.4 


JC 


325 


14.2 


JC 


350 


13.4 



The results demonstrate how tiie onder of cake solids varies about tiie optimum dose. 
45 Examples 

Tests were canied out In simulation of iilgh pressure filtration (filter pressing). This involved dewater- 
ing a raw primary/activated sludge, on ttie laboratory piston press at pressures of up to 7 bar. As in the 
previous example, products PC and JC were evaluated at doses equal to and above and beiow the previ- 
ously detennined optimum, after shearing tiie flocculated suspension by pouring from one beaker to an- 
other 1 5 times. 



otiter 15 times. 
Results were as shown in Table 6. 

Tabled 



Product 


Dose (mg/l) 


Cake Solids (%) 


PC 


100 


14.7 


PC 


125 


15.1 


PC 


150 


13.8 


JC 


225 


15.9 


JC 


250 


16.4 


JC 


275 


16.1 



65 Once again the results demonstrate how the order of cake solids varies about ttie optimum dose. 
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Bcample 7 

Three copolymers having ratios of 80 wl% DMAEA MeCI to 20 wt% acrylamlde were prepared as re- 
verse phase suspension polymerisation dispersions. The three products contained 0, 4 and 8 ppm of 
5 MBA on wt of monomer and were identified as SC. TO, UC. Portions of products SC and UC were mixed 
together to provide 50:50 and 75:25 blends respectively (SC:UC). 

The two blends and the original samples were each added to a digested Primary/Activated sewage 
sludge over a dosage range and the flocculated product stirred for 25 seconds on the Triton mixer of Bc- 
ample 1 . A visual assessement of floe size served to indicate the optimum dose for each treatment 
10 Further sludge samples, treated at the optimum dose of each product and blend were evaluated on the 
laboratory centnfuge as described in Example 1 after vigorous sdnlng of the flocculated aqueous medi- 
um with the Triton mixer. Details of the products and results obtained were as in Table 7. 

15 Table 7 



Product 


M.aA 
(ppm) 


lQnk% 
Regain 
{%) 


Optimum 

Dose 

i^) 


Cehtrate 
SoOde 

imn 


SC 


0 


10.0 


100 


2272 


TC 


4 


26.5 


150 


1080 


UC 


8 


SZ2 


225 


340 


8C:UC-60S0 


(4) 


34.4 


125 


1236 


SC:UC^:75 


(2) 


22.5 


125 


1846 



It will be observed that the enhanced performance provided by cross linked flooculants can be ob- 
tained by blending linear and cross linking flooculants to intermediate levels of cross finking. 

Example 8 

^^aJ^^^I^^I^^Y^JS^ described in the previous example was carried out on copolymers having 
60:40 wt% pii4AEA MeCl:AcrylamkJe composition. Details off the products and results obtained are oi^ 
en m Table 8. ^ 

Tabled 



Product 


(ppm) 


tonicity 
Regain 
(%)8 


Optimum 
Dose 


Cent rate 

Solids 

(mg/D 


VC 


0 


14.2 


100 


1856. 


WC 


2 


27.6 


150 


1378 


XC 


4 


38.0 


175 


398 


YC 


8 


50.9 


225 


274 


50:50:VC:YC 


(4) 


33.2 


150 


534 


75:25:VC:YC 


(2) 


25.3 


150 


1416 



55 



65 



Example 9 



A solid grade commercially available cationic copolymer having composition 42 wt% DMAEA MeCl 
and 38 wt% acrylamlde and two commercially available anionic copolymers having composrtion 10 wt% so- 
dUim acrylatejSO wt% acrylamlde and 20 wt% sodium acrylate:80 wt% acrylamlde, Identified as products 
ZC. JA and KA r^pectlveiy, were made up as 0.2% solutions. The solution of the cationic product 2C 
was rapidly mixed (using a Heldolph stirrer) In turn with the solutions of products JA and ICA. 

When mixing was Insufficlentiy rapid a precipitate setded. 

pe three conrtposraons were evaluated on an activated sewage sludge using the laboratory centrl- 
fuge as described In Example 1. after vigorous stirring using the Triton mixer for 25 seconds. The results 
are in Table 9. 
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Tabid 9 



Dose Centrate Suspended Solids (mg/1) 
(gAn^ Solution Solution Soiu^n 
2C SOZCfiOKA 80ZC20JA 





30 


1000 


1114 


1260 




40 


632 


688 


1116 


10 


50 


668 


608 


1048 


60 


684 


408 


580 




80 


1248 


478 


460 




100 


1820 


610 


320 


15 


125 




668 


834 




150 


1872 


896 


1348 



It can be seen thai blends of anionic and cationlc soiutlons made from solid grade products are capa- 
20 ble of producing a similar effect to that obtained using prefbnned cross linlced polymers. 

Example 10 

Using a similar procedure to that described in the previous example, solutions of product ZC were rap- 
25 Idly mixed with varying volumes of solution KA to provide blends containing 5, 10, 20 and 30% of KA. 

Each solution was used to treat an activated sludge over a dosage range and visual assessment of 
floc size used to indicate the optimum dose. 

Further activated sludge samples were then treated with the optimum dose of each solution before be- 
ing dewatered on the laboratory centrifuge. 
30 The following results are in Table 1 0. 



Table 10 



35 



40 



Treatment 


Optimum Dose 


Average 




range (mg/0 


Suspended 






Solids of Centrate 


ZC 


40-60 


1456 


5:95: KA2C 


50-80 


1400 


10:90: KA20 


50-80 


1176 


20:80: KA2C 


60-100 


1077 


30:70: KA.ZC 


100-140 


835 



45 

Example 11 

SetUemem tests were canled out to compare product AC of Example 1 and product KC of Example 2 In 
60 regard to their ability to flocculate Raney copper catalyst 

In canying out tiiese tests, 0.05% wt/v solutions of flooculant were added to 500 ml portions of 5% 
w/v Raney copper slurry in deionised, de-oxygenated water at room temperature. These were placed In a 
cylinder inverter and subjected to inversion to promote mbcing after addition of the flooculant solution. 
Subsequent inversions could be earned out following tiiose required for mixing, In order to test tfie floc 
65 strengtii. The quality of the floc fonned was, at ail stages, measured In tenns of tiie settlement rate of 
tiie flocculated slurry, since large fiocs Invaiiabiy produce faster rates of settiement Settiement rate 
was measured as tiie time required to produce a visible mud-line in tfie flocculated slurry. 

Tests were first carried out to determine the optimum dose of flooculant with the results shown in Table 
11a 

60 
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Table 11a 


Flooculant 


Satttement Uma (seconds) 




Product AC 


Product KC 


0 


54^ 


54.8 


1 


25.1 


41.6 


10 


10^ 


7.8 


20 


6£ 


3.0 


30 


4.7 


1.6 


40 


5.4 


1.0 


Cffl 

OU 


4.5 


1.7 


60 


4.6 


1.5 


70 


4.6 


1.5 


80 


ia6 


1.4 


00 


154 


1.9 


100 


20.7 


1.2 


140 




1.7 


180 




1.8 


220 




1.4 


260 




Z1 


300 




1.6 


340 




1.7 



^ fi?"! £*® ft can be seen that the optimum dose for each product is 30 mg/l. It is, however, appar- 
ent that the overdosing effect observed for product AC Is not apparent with product KC 

Further samples were treated at the optimum dose level and subjected to inversions with settlement 
time being measured for each of the flocculated suspensions after equal nurnbers of inversions. 
35 Results were as shown In Table lib, iu^io mvwwons. 
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Table lib 


IMUiIIDOr Ol 


Settfement time (seconds) 


Inversions 


rroauci Aw 


PlOOUGtKC 






1.7 


A 


e e 


1.3 


g 


O.Q 


0.9 


19 


8.7 


1.2 


Ifi 


/.O 


1.0 


1A 

ID 


8.1 


1.1 


94 
£1 


8.8 


1.1 


Oil 




0.9 


97 






30 


12.6 


1.4 


33 


14.4 


1.3 


38 


15.9 


1.3 


39 


17.3 


1.7 


42 


18.9 


1.3 


45 


20.8 


1.2 


60 




1.5 


90 




1.7 


111 




1.6 


141 




^o 


171 




2.2 


186 




2.4 



35 From the results It can be seen that Raney copper catalyst treated with product KG manifests an sig- 
nificantly more stable floc than that treated with product AC. The flocculated catalyst gave substantially 
the same yield of acrylamide, when used In a conventional process for the hydrolysis of acrylonitrile, as 
the con-esponding unflocculated catalyst but gave much easier separation of the reaction liquor from 
the catalyst 

40 

A range of anionic copolymers, having composition 40 wt% sodium acrylate, 60 wt% acrylamide, were 
prepared from monomer mix containing different amounts of methylene bis acrylamide, by reverse phase 

45 suspension polymerisation. The degree of structure incorporated into each copolymer increased in pro- 
portion to the amount of MBA in the monomer as indicated by depression of the Intrinsic viscosity. 

The above products were evaluated on coal fines in simulation of dewatering by belt filtration. This In- 
volved treating 400 cm3 portions of the coal fines with a solution of the flocculant followed by stirring 
for 120 seconds to apply shear and induce flocculatlon. The stirring was by a Heidolph stirrer on setting 

50 2 using a gate stin'er in a 600 cm3 beaker. The flocculated fines were then transferred to the belt press 
simulator and dewatered under the Influence of pressure which was gradually Increased to 1.6 bar. On 
completion of the dewatering cyde the cake was removed for dry solids detemnination and calculatton of 
the yield. 

The MBA content, IV, results for cake solids and yield at the optimum dose established for each prod- 
55 uct are shown In Table 12. 
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Table 12 





Product 


MBA content 


I.V. 


Dose 


Cake 


Yield 


5 




(ppm of polymer) (dl/g) 




Sol(ds(%) (%) 




AA 


0 


18^ 


100 


61.5 


85.2 




BA 


2.71 


14.3 


150 


60.0 


85.8 




CA 


6.76 


11.3 


400 


60.6 


90.0 


10 


DA 


13.53 


ao 


500 


57.8 


86.6 




EA 


20.29 


6.5 


600 


59.8 


92.6 




FA 


27.06 


2.7 


800 


59.8 


9^4 


15 


GA 


40.S3 


3.1 


1200 


58.6 


93.7 


HA 


67.60 




1600 


59.1 


89.4 




lA 


135LdO 




1600 


59.7 


84.9 



^JL'^^^IfJ'^ degree of cross linking increases the general trend is for improvement In 
yWtLft«^ HA and M demonstrate decreasing yield either because they are too cross Hnkad to bo 
efrecnve or the ant mum rinea hao nM haan aH«i;n«i#i ' mmav w uv 



effective orthe optimum dose has not been attained. 
Example 13 



^ ^ °^ Example 12 were used to treat coal tailings over a range of doses 
^IwfL "^"^^^"^ suspension was tested on tiie centrifuge as described in Ex^ple 1 . The dose, in m^! 
hiin^'^o^S^"' suspended solids in the centrate (%)a% shown 

oS^ mMSS{^n^.5^tt^^^^^ ^ ^^^^ one employing 30 seconds of mixing, the other 120 sec- 
onds mixing to induce flooculallon. The mfadng was as In Example 1 2. 



Polymer 


Optimum Dose 
(mg/I) 


Suspended Solids 
fn Centrate (%) 


AA 


113 


1.38 


A.a 


163 


0.78 


A£. 


250 


0.55 


A.a 


550 


0.42 



nJL^iw®Y!?^"5^^ ^^1^^ ^^^^ °' stmcture In the polymer Is increased (as indicated by the de- 
pressed I.V.) the optimum dose and effectiveness increase. «waiou uy uw ue 

45 

Example 14 

0 iSSTn^lf^lS) ??'^^S£??5'^ 2 iun in size is made by reverse phase polymerisation of 
a Wend oMCWfc actyiamide and 60% MeCI diethyiaminoethyl aerylata and methylene bteSmn^^ 

» amount sufflcfem to raise IR from near zero to brtween 35 and 40 °» "^ya™"" 

The emulsion is added to water with stining and allowed to age to provide a stable composition. 
ih,ri! cooiposihon 's then added at a polymer dose of about 6 l<gA total solids to an aqueous suspension 
^1^"^"^ * commercial sewage dewatering centrifuge, the treated suspension s^«^ in 

55 lwMpi?1f ''♦h^ "^n?* "X?""* redispersing discrete solids, and the sh^d Vrodurt bfton 
*1f^3?^'",^* cenWfuge. TTie soMs content of the centrate is typically below 0.2% (0% Is IdeaQ and 
frSi?Sr °* ^Z""^ » 2?°ve 98% (100% is ideal). When the process Is repeated u^g mbrass 
linlced polymer, the corresponding values are typically above 1% and below 75%. uncross 

^ Example 15 

1 «A V?*.ISf'/ ""'^'"9 .250g water. 1g Ethylan HA (non^onlc surfactant from Lankro Chemicals 
Ud.) 0.10 V50 (polymerisation inUlator from Wako Pure Chemical Industries Ltd.) and 0 Ig Son A 
te*'"S ageirtmanufactured by Allied Colloids Ltd.) and bubbled with N2 was placed in a constant 
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20 



25 



A monomer feed was prepared by mixing 120g of dimethyl amino ethyl methacrylate and 80g of methyl 
methacrylate which was then added to the monomer feed vessel. An aqueous feed was prepared by mix- 
ing 200g water, 9g Ethylan HA. 0.3g V50 and 0.1 g Tetralon A which was then added to the aqueous feed 



5 The contents of each vessel were then pumped separately, but In constant proportion, to a premlxing 
chamber containing a high speed stinrer before being added to the resin pot The pump speed was adjust- 
ed such that the total volume of monomer and aqueous feed was added over a period of 90 minutes. Af- 
ter the addition was complete, the same was held at 75"C Ibr a period of 1 hour before being cooled. 
The product of this example, designated Polymer A, was a 30% active polymer in water. Two further 

10 samples were prepared in the manner so described but containing 500 ppm and 5000 ppm of allyl metha- 
crylate in turn. These samples were designated Polymers B and C respectively. 

The products prepared as described were then diluted and acidified as the full HCI salt to 2% active In 
water. Performance tests were then carried out using the sheared CST technique as described previ- 
ously on a sample of digested primary/activated sludge. The results obtained are given in the following 

15 Table: 



Product 


CrossIInklg 
amount (ppm) 


Polymer Dose (g.m^hearingtime (sees) 
250^25 400/25 500/25 600/25 700/25 


800/25 


900/25 


1000/25 


Polymer A 


0 


129 32 19 17 23 


28 


31 


47 


Polymer B 


500 


249 58 25 19 15 


19 


24 


53 


Polymer C 


6000 


388 140 78 67 35 


25 


16 


17 



35 



55 



The results demonstrated that for these emulsion polymerised products Polymer A (having no cross- 
linking agent) is susceptible to a significant over-dosing effect above its optlmlum dose but with Poly- 
mers B and C the over-dosing effect becomes iese apparent as the level of cross-linking agent increas- 

Examoleie 

l=bur solutions were prepared from a sample of 50:50 DMAEAq MeClrACM copolymer (originally pre- 
pared as a 50% w/w dispersion in oil), as follows: 

Sample 1 1% w/w active polymer with activator 
Sample 2 0.1% w/w active polymer with activator 
Sample 3 1 % w/w active polymer without activator 
40 Sample 4 0.1 w/W active polymer without activator 

All solutions were prepared in deionised water using 10 seconds low shear mixing followed by 2 hours 
tumbling. The activator, when present, was an oii-ln-water emulsifier. 

Each sample was then used to condition aliquots of digested sewage sludge at a range of dosages, the 
45 perfbnnance being assessed In each case by means of CST time. 

A sample of the same material, prepared as above (with activator) 24 hours earlier was included as a 
control. 

The samples containing activator (1 & 2) and the control exhibited optimum performance at 80-100 g/ms 
and at higher doses an over-dosing effect was seen. 
50 The unactivated samples (3 & 4) had optimum performance at a much higher dosage level (200 g/mS) 
and did not exhibit any over-dosing effect, and their optimum dose gave a lower CST (better results) 
than the CST at the optimum dose of the control and samples 1 and 2. 



gxampl9l7 



When products prepared by reverse phase polymerisation, as dispersions in oil, are made up directly 
at low solution concentrations then, by virtue of the imposed low activator concentration in the solution, 
activation tends to be incomplete. This results in the polymer going only partially into solution. On using 
such partial solutions it has been demonstrated that Improved technical performance can be obtained. 
60 In accordance with the above, solutions of product CA were made up at concentrations of 1, 0.2 and 
0.1% w/V active polymer. Each of the solutions was subjected to ionldty regain determination with those 
at 1 and 0.2% being diluted to 0.1% immediately prior to determination. In similar manner the solutions were 
used to treat an activated sewage sludge prior to centrifugalion. as described in example 1 , with the 1 and 
0.2% concentrations being diluted to 0.1% immediately prior to treatment. 
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Results were as follows. 

s 



5 


Original Solution 
Concantratbn (%) 


IR(%) Optimum 
Dose (mg/l) 


Suspended Solids 
lnCentrate(mg/l) 




1.0 


18 70 


1.600 




0.2 


30 100 


850 


10 


0.1 


60 125 


270 



Claims 



nrL^JS^^^^^ ^ aqueous suspension of suspended solids Is flocculated by adding a synthetic 
^t^^^^i^f"^"^"^^ flocculated suspended soUds chiactS In 

*iat at the time of addition to the suspension the polymeric material has a specific viscosity (measur^bv 
L'S'^^k'^'^',** ^"9 •^°"'sed water) above loKm^pftSpS^ 
20 V^l^.^ * ^ °' j° ri ^"ted in a floc stSblHSingZouSt ^d 
^ 2 flocculated soHds are subjected to shear in the presence of the aqueous medium sutetartiayiv 
out increasing the amount of suspended solids in the aqueous medium. suosianaaiiy witn 

25 anJai'L'S^'us^airtht^^^^ ^ floc size of the flocculated solids 

aqJeo]«^'^^LTd%e^riyonr^^^^^ """^ are separated from the 

by^gte^l^ul'Ka.' "^P*™'-" 
hJ^ ;iS!SS!^„3^'*'8 i flocculated solids are catalyst (preferably copper cata- 

ffle^toJ^Sm ^""""^ " P«f««t"y^ aciylonitrilThydrolJ- 

w^r'^s5Sl^e%dSr"° to any of claims 1 to 6 in which the polymeric particles are of water insoluble 
h,l^.te£^SS^^2f™!?'"° *° ^^U/i" P™**^ "»ss nnked and have been formed by po- 

RelSueoS SnWo^ °' ' " *^ 

»m«vtn'!5°a'5f f *" 1 to e In which the polymeric particles are of water soluble pol- 

ymer and are added to the suspension under conditions such that they have not fully dissolved 

J^nir^nfirSSf'SntiKl^^^^^ 

omo^»tS *f ^^5"^ to 8 in which me cross linking agent is a diethyienlcaliy unsaturated mon- 
omer and the amount of cross linking agent is from 1 to 100 ppm based on the polymerisable morornere 

25 to 7<^^ '^f^ «» polymericVSatertal has IR gSr ttoT srK^Iy 
25 to 70%) and is cationic, preferabty be ng a copolymer of acrvlamlda wHh at least « mnia 
allvtemlnoalkylacryiateGndudingacidadcZnandqi^^ "^^ 
^ 14. A process according to daim 13 in which the polymer has intrinsic vlscosi^ of 

100-IR 
a 

where a is from 6 to 14. 

^ tion*rf'^i£!^!^^1'"5 ^ ^ T "^''^ Polyneric material is made by mixing an aqueous solu- 
fion of linear water soluble polymer having spedfk; viscosity above 10 with a dissolved croM linldnn 

TX'^^^t^'^°"^ f^^' ^'^^a "P^*^" ^« 10, whIW Sng ^th sS? 

dent force to form a homogeneous aqueous composition 

60 havf IV i£o5^ 4 ato^'sTStafl^ P"'^"'^'"' ^ «bove 4 or can 

t JJ'.^^°^5f?S'S»^ ^ IMBceding dalm In whidi a 1 % aqueous composiUon of the polymeric ma- 
tenal that Is added to the suspension gives, when cast as a fibn on a glass ptete and dried a dboonfinu- 
ous film of discrete swellaUe partides having a size of behiw 10 (im. ™^ « «8«>ntinu- 

^ ia A process according to any preceding daim In which the amount of polymeric material is from 50 to 
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150% of the amount that gives maximum floe size after application of shear to the aqueous medium. 

19. A process according to claim 1 and which oomprises providing a homogeneous dilute aqueous com- 
position of a reverse phase polymerised, non film-forming, acrylamide copolymer with diali<yiaminoailwl 
(meth) acryiate add salt or quaternary salt having a dry particle size below 2 |im, IR above 15 and 



where a is from 6 to 14, adding this composition to sewage sludge in an amount of 50 to 160% of the 
amount required for maximum floe size after shearing, subjecting the blended mixture to the shearing to 
reduce floe size substantially without increasing the amount of discrete suspended solids, and dewater- 
ing the resultant aqueous medium on a centrifuge, piston press or belt press. 

PatentansprOche 

1. Verfahren, bei wefchem eine wSSrige Suspension aus suspendierten Feststoffen durch Zugabe el- 
nes synthetischen poiymeren Materials ausgefIoci<t wird, urn ein wdBriges Medium zu biiden, das ausge- 
flockle suspendierte Feststoffe enthSIt, dadurch gelcennzeichnet. daB das polymere Material zur Zeit 
der Zugabe zu der Suspension eine relative Visl«)sHatsandeaing (gemessen durch Kapillarvlskometer 
bei 34*»C an elner 0,5%igen delonisierten Wassertosung) uber 10 aufweist und polymere Teilchen umfaSt, 
die im trockenen Zustand eine GrfiBe von unter 10 jim haben, daB das polymere Material In einer flocl^en- 
stabiiislerenden Menge zugegeben wird und daB die ausgeflockten Feststoffe praktisch ohne die Men- 
ge von suspendierten Feststoffen Im waSrigen Medium zu erhdhen in der Anwesenheit des waBrigen 
Mediums einer Scherung untenA^orfen werden. 

2. Verfahren nach Anspruch 1, bei welchem die ausgeflockten Feststoffe einer Scherung untenivor- 
fen werden, indem man das diese enthaltende wdBrige Medium schert. 

3. Verfahren nach Anspruch 2, bei welchem die Scherung die RockengrfiBe der ausgeflockten Fest- 
stoffe reduzierl und das wSBrige Medium dann entwdssert wird 

4. Verfahren nach einem der Ansprilche 1 bis 3. bei wekihem die ausgeflockten Feststoffe von dem 
wSBrigen Medium durch EntwSsserung in einer Zentrifuge, Kolbenpresse Oder Bandpresse abgetrennt 
werden. 

5. Verfahren nach Anspnich 2, bei welchem die ausgeflockten Feststoffe durch Ruhren des wSOri- 
gen Mediums kontinuierilch in Suspension gehalten werden. 

8- Verfahren nach Anspruch 5, bei welchem die ausgeflockten Feststoffe Katalysator- 
(vorzugswelse Kupferkatalysator-) Teilchen sind und das wSBrige Medium eln chemisches Reaktionsme- 
dium, vorzugsweise ein Acryinitril-Hydroiysereaktlonsmedlum ist 

7. Verfahren nach einem der AnsprOche 1 bis 8, bei welchem die poiymeren Teilchen aus einem was- 
serunlfisiichen, In Wasser queilbaren Poiymeren bestehen. 

8. Verfahren nach Anspruch 7, bei welchem die Teilchen vemetzt sind und durch Polymerisation el- 
nes Monomeren Oder einer monomeren Mischung, das (die) in der wSBrigen Zusammensetzung I6sllch 
ist in der Anwesenheit von zugegebenem Vemetzungsmittel gebildet worden sind. 

9. Verfahren nach einem der AnsprOche 1 bis 6, bei welchem die poiymeren Teilchen aus wasseridsll- 
chem Polymer bestehen und unter solchen Bedingungen zur Suspension gegeben werden. daB sie sich 
nicht volistSndig aufgelost haben. 

10. Verfahren nach Anspruch 9, bei welchem die Teilchen, wahrend sie in der Form einer Polymer-ln- 
Ol-Dispersion voriiegen, in Abwesenhert eines 6l-in-Wasser-Emulgators zu Wasser gegeben werden. 

11. Verfahren nach einem der AnsprOche 7 bis 10, bei welchem die Teilchen durch Emulsionspolymeri- 
sation oder Umkehrphasenpolymerisalion gebildet worden sind. 

12. Verfahren nach Anspruch 8, bei welchem das Vemetzungsmittel ein diethyienlsch ungesdttlgtes 
Monomeres ist und die Menge an Vemetzungsmittel von 1 bis 100 ppm, bezogen auf die polymerislerba- 
ren Monomeren. betragt 

13. Verfahren nach Anspruch 8, bei welchem das polymere Material einen IR-Wert von grdBer als 
15% (vorzugsweise 25 bis 70%) aufweist und kationisch ist, wobel es vorzugsweise ein Copolymer von 
Acrylamid mit wenigstens 5 Mol.-% Dialkylamtnoalkylaaylat (einschlleBIich Siureadditions- und quater- 
nSrer Ammoniumsalze desselben) ist 

14. Verfahren nach Anspruch 13, bei welchem das Polymer eine Grenzvlskositat von 



hat, wobel a 6 bis 14 ist 

15. Verfahren nach Anspruch 7, bei welchem das polymere Material hergestellt wird durch Mischen 
einer wftBrigen Ldsung aus linearem wasseriaslichem Polymer mit einer relativen Viskositatsanderung 
Ober 10 mit einem geldsten Vemetzungsmittel, vorzugsweise einem Qegenlon-Polymer mit einer relativen 
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VIskositatsinderung Qber 10, wShrend mit einer Kraft geruhrt wird, die ausreicht, urn eine homogene 
waBngeZusammensetzungzubilden, nornogene 

18. Verfahren nach einem der vorangehenden AnsprOche. bei welchem das polymere Material eine 
GrenzyskositatOber4hatodernachderScherungeineGren^^^ 

5 17. Verfahren nach einem der vorangehenden AnsprOche. bei welchem eine 1%lge waBrige Zusammen- 
setzung des polymeren Materials, die der Suspension zugegeben wird, einen diskontinuierltehen Rim 
aus diskreten. quellbaren Teilchen mit einer Gr6Be von unter 10 jim ergibt, wenn sie als Rim auf eine 
Glasplatte gegossen und getrocknet wird. 

^ ?^ fl"®"^ vorangehenden AnsprOche. bei welchem die Menge an poiymerem Ma- 

10 tena^ 50 bis 150% der Menge betragt die eine maximale RockengrfiBe nach der Schemng des wSBriqen 
Mediums ergibt 

19. Verfahren nach Anspmch 1, das umfeSt die Schaffung einer homogenen verdQnnten waBriaen Zu- 
sammenseteung eines Umkehrphasen-polymerisierten. nlcht fiimbildenden Aciyiamidcopolymers mit el- 
nem DialkylOTinoalkyI meth)acrylat-SauresaIz oder quatemSrem Salz mit einer Trockenteilchenardfle 

15 unter 2|im, efnem IR-Wert Ober 15 und einer GrenzvistositSt » u«v«..iB,.w,BngroDB 



100-IR 



IfSSS' 5 Zugabe dieser Zusammenseteung zu KlSrschlamm in einer Menge von 50 bis 

150% der Menge, die fOr eine maximale RockengrSBe nach der Scherung erforderiich 1st, die Scherunp 
dor vermengten Mischung. praktisch ohne die Menge von diskreten suspendierten Feststoffen zu ver- 
^" reduzleren, und die Entwasserung des resultlerenden wSBrlgen Medi- 
ums in einer Zentnfuge, Kolbenpresse oder Bandpresse. 

Revendleatlons 

1. Proc6d6 dans lequel une suspension aqueuse de solides en suspension estflocul^e par addition 
n^™re polymere synth6tique pour former un milieu contenant des solides en suspension fIocuI6s 

carart6rls6 en ce que la mati6re polymdre possdde, au moment de i'addition k la suspension, une viscosi- 
t6 sp§afique (mesur^e au viscosimdtre k tube caplliaire k 34oC sur une solution k 0.5% dans I'eau d6sio- 
nisee) de plus de 10 et consists en particules polymdres ayant une dimension k sec de moins de 10 um, la 
mati§re polymere est ajout6e en quantity stabiilsant les flocons et les solides flocutes sent soumis au d- 
salllement en prfisence du milieu aqueux pratiquement sans augmentation de la quantity de solides en sus- 
pension dans le milieu aqueux. 

2. Proc6d6 selon la revendicatlon 1, caractdrlsd en ce que les solkles flocul6s sont soumis au cisaille- 
mem par osalllement du milieu aqueux les contenant 

w'^°^1fw®®«" la revendicatlon 2, caractdrisS en ce que le cisaillement rdduit la dimension des flo- 
cons des solides floculds et le milieu aqueux est ensulte dishydrat^. 

e«i ri^f^r'°":.f""® quelconque des revendk^tlons 1 k 3, caractSrisd en ce que les solides floculte 
sont s6par4s du milieu aqueux par ddshydratation dans une centrifugeuse, une presse k piston ou une 
presse a courroie. 

5. Proc6d6 selon la revendicatlon 2, caract6rls6 en ce que les solides flocul6s sont maintenus en sus- 
pension de maniere continue par agitation du milieu aqueux. 

6. Proc6d6 selon la revendicatlon 5. caract6rls§ en ce que les solides flocul6s sont des particules de 
ratalyseur (de pr6f6rence un catalyseur au cuivre) et le milieu aqueux est un milieu de reaction chimique. 
de preference un milieu de reaction d'hydrolyse d'acrylonitrne. 

7. Proo6dd selon rune quelconque des revendications 1 k 6. caract6ris6 en ce que les particules poly- 
mferes sont des particules de polymdre gonfiable k I'eau. insolubles dans I'eau 

8. Proc6d6 selon la revendicatlon 7. caractdrisd en ce que les particules sont r6tlcul6es et ont 6\§ 
Sll'^^ polymerisation, en presence d'un agent rdtlculant ajoutS, d'un monom&re ou melange de mo- 
nomeres soluble dans la composition aqueuse. » 

9. Proc6di§ selon I'une quelconque des revendications 1 k 6, caractdrisd en ce que les particules doIv- 
m§res sont des particules de polymdre soluble dans I'eau et sont ajout^es k la suspension dans des wn- 
ditianstellesqu'eUesn*ontpas6t6totalementdlssoutes. ««iaw8con- 

10. Proc6d§ selon la revendicatlon 9. caract6ris6 en ce que les particules sont aioutdes k I'eau lors- 
qu elles sont sous la fomie d'une dispersion de poiymSre dans I'huiie en I'absence d*un 6mulslfiant hulle- 
oans-i eau. 

^ ju^} ' Proc6d6 selon I'une queteonque des revendications 7^10, caract6ris6 en ce que les particules ont 
«>Tj6e6 par polym§nsation en 6mulsion ou par polymerisation k inversion de phase 

la revendication 8. caracl§ris§ en ce que I'agent rfiticulant est un monom§re k insa- 
mffiSf^ ^ retlculant est de 1 ft 100 ppm par rapport aux monomdres poly- 

65 13. Proc6d6 selon la revendicatlon 8, caractdrise en ce que la matifere polymdre a una Rl supdrieure k 
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15% (de prdf^rence de 25 h 70%) et elle est cationique, de prdfdrenca c'est un copolymto d'acrylamlde 
avec au moins 5 mol% d'acrylate de dialkylaminoalkyle (y compris ses sals d'additon d*acide et ses sels 
d'ammonium quatemalres). 
14. Procddd selon la revendication 13, caract6ris6 en ce que le polym^re a une viscosltd intrinsdque 

5 de 



100 - Rl 



a 

dans laquelle a est de 6 ^ 14. 

15. Proc^dd seion la revendication 7, caract^risd en ce que la matidre polymdre est pr^par^e en m6- 
langeant une solution aqueuse d'un polym§re iin^aire soluble dans Teau ayant une viscosity spdcifique 
de plus de 10 avec un agent rdticulant dissous, de pr§f6rence un polymdre contre-ionique ayant une vis- 
cosity sp^cifique de plus de 10, tout en agrtant avec une force suffisante pour fbnner une composition 
aqueuse homog^ne. 

16. Proc^dd seion I'une quelconque des revendications pr^c^entes, caractdrisd en ce que la matl^re 
potymdre a une [tJ de plus de 4 ou peut avoir une [ti] de plus de 4 aprds cisaiilement 

17. Procddd selon I'une quelconque des revendications pr6c6dentes, caract6ris§ en ce qu'une compo- 
sition aqueuse ^ 1% de la matidre polym^re qui est ajoutie k la suspension donne. par coulee en un film 
sur une plaque de verre et sdchage, un film disoontinu de particules gonflables distinctes ayant une di- 
mension de moins de 10 iim. 

18. Proo6d§ selon Tune quelconque des revendications prdcddentes, dans lequel la quantity de matid- 
re polymdre est de 50 k 150% de la quantity qui donne la dimension maximale de flocons aprds application 
du dsaillement au milieu aqueux. 

19. Proc^d^ selon la revendicat'on 1 , caractdrisd en oe quMI consiste k partir d'une composition aqueu- 
se dilute homog&ne d'un copotym^re non filmogdne, obtenu par polymerisation k Inversion de pfiase, 
d'acrylamida avec un sei d'acide ou un sel quatemaire de (mdth)acrylate de dialkylaminoalkyle ayant une 
dimension de particules k sec de moins de 2 }im, une Rl de plus de 15 et une [id egale k 

100 - Rl 



a 

oCi a est de 6 ^ 14. k ajouter cette composition k des boues de curage en quantity de 50 k 150% de la quan- 
tity n^cessaire pour la dimension maximale des flocons apr^s cisaiilement. k soumettre le m§lange agitd 
au dsaillement pour rSduire la dimension des flocons pratiquement sans augmenter ia quantity de solides 
en suspension distincts et k dyshydrater le milieu aqueux rysultant dans une centrifugeuse et une pres- 
se k piston ou une presse k oourroie. 
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